Chronic bronchial inflammation is associated with migration of large numbers of granulocytes into the bronchial tree.
neutrophil influx results in the generation of toxic oxygen radicals and release of enzymes that cause tissue injury. 7 The protease activity of sputum from patients with cystic fibrosis has been directly correlated with the numbers of neutrophils in sputum specimens,8 though the stimulus for this inflammatory response is largely unknown.
In this study we investigated whether products of bacteria commonly isolated in chronic bronchial infection affect neutrophil migration in vitro and, if so, whether that migration is chemokinetic (random) or chemotactic (directional), or both. We also examined the chemolocomotion stimulating properties of low, middle, and high molecular weight fractions obtained by gel filtration of bacterial culture filtrates.
Methods

ISOLATION OF BACTERIA
Early morning sputum specimens were collected from patients with clinical exacerbations of chronic infective respiratory diseqse. Sputum was cultured by standard and selective bacteriological techniques.9 Bacterial species were purified by repeated subculture, and identified by standard methods.'°This yielded three isolates each of Pseudomonas aeruginosa (mucoid and non-mucoid), Haemophilus influenzae, Haemophilus parainfluenzae, Staphylococcus aureus, and Streptococcus pneumoniae. Isolates of Pseudomonas cepacia were obtained from patients with cystic fibrosis. To determine the approximate molecular weight of factors contributing to chemolocomotory activity, fresh clinical isolates of P aeruginosa, H influenzae, S aureus, and S pneumoniae (one of each species) were grown overnight as described. Aliquots (20 ml) of bacterial culture filtrate were freeze dried, redissolved in 2 ml sterile distilled Milli Q water (Millipore, Harrow), and applied to 500 x 26 mm columns of Biogel P6 (Biorad Laboratories) and Sephadex G100 (Pharmacia). The eluant was distilled water and the eluate was collected at a flow rate of 40 ml/h at 4°C. The ultraviolet absorbance of the eluate was monitored continuously at 206 nm, and 10 ml fractions were collected. A new column was prepared for each culture filtrate separation. Elution fractions were pooled according to molecular weight: high (> 50 000 daltons), medium (10 000-50 000 daltons), and low (<10000 and <6000 daltons). Pooled fractions were frozen and freeze dried before storage at -70°C. Each column was calibrated with molecular weight markers (Blue Dextran (200 000 MW), bovine serum albumin (67 000 MW), ovalbumin (43 000 MW), ribonuclease A (13 700 MW), insulin (5734 MW), glucagon (3485 MW), and hydroxycobalamine (1380 MW)). The osmolality of each of the fractions after reconstitution was checked by lack of crenation of human red blood cells and was corrected if required by dropwise addition of distilled water.
MEASUREMENT OF NEUTROPHIL MIGRATION IN VITRO
Peripheral venous blood was obtained from healthy donors. Neutrophils were prepared by dextran sedimentation of the heparinised blood followed by Ficoll gradient separation. After lysis of residual erythrocytes with 0 84% ammonium chloride, the cells were washed, resuspended to 3 x 106/ml in HEPES (N-2-hydroxyethyl-piperazine-N-2-ethanesulfonic acid) buffered Medium 199 with Earl's salts and supplemented with O4A% egg albumin. Neutrophil migration was measured with a modified Boyden chamber technique by means of a 48 well microchemotaxis assembly (Neuro Probe Inc, Cabin John, Maryland) and nitrocellulose filters (Sartorius membrane filters, 8 ,um pore size, Gottingen, West Germany)."' Twenty five microlitres of test chemoattractant and controls were placed in the lower compartment of the chemotaxis chamber. Fifty microlitres of neutrophil suspension, adjusted to 3 x 106/ml, were placed in the upper compartment. The chambers were incubated for 90 minutes at 37°C, after which the filters were removed and the neutrophils fixed in industrial methylated spirit and stained with haematoxylin. The filters were then mounted in reverse position (the face that had been adjacent to the lower chamber mounted uppermost) on microscope glass slides and stored overnight at 4°C. Random motility was measured in the absence of leucoattractant but in the presence of Medium 199 tissue culture fluid (supplemented with growth factors in the case of H influenzae and S pneumoniae) in the lower chamber only. The synthetic chemotactic tripeptide N-formyl-L-methionyl-L-leucyl-Lphenylalanine (FMLP; Miles Laboratories Inc, Elkhard, Indiana) at a final concentration of 1 x 108 mmol/l (previously determined as optimal) was used as a positive control.
Results were expressed as the number of polymorphonuclear neutrophil leucocytes that completely traversed the filters per microscope high power field (PMNL/HPF). Data were pooled for three isolates of the same microorganism, each ofwhich was assayed nine times on separate occasions (n = 27). Ten fields were counted per filter to obtain a mean value. The coefficient of variation for this technique was less than 15%. The chemotactic index for gel filtrates was calculated as: ( To determine the effect of culture filtrates on chemokinesis (undirected movement) and chemotaxis (directed movement), neutrophil migration was assessed with fixed identical concentrations of bacterial culture filtrates diluted with Medium 199 above and below the micropore filter in the Boyden chamber (a chemokinesis system) or with positive gradients of the leucoattractant placed in the lower chamber alone (a chemotaxis system).'2 13 Single clinical isolates of P aeruginosa, H influenzae, S aureus, and S pneumoniae were examined.
EXPRESSION OF RESULTS
Results were expressed as means and standard errors of the mean for each series of experiments. Statistical analysis of data was performed by means of the two sample t test.
Results
NEUTROPHIL MIGRATION
Results of neutrophil migration experiments for the different respiratory pathogens are shown in the table. In the culture filtrates neutrophil migration over a wide range of dilutions was substantially greater than random migration. Optimal stimulation of migration was observed with 1:10 and 1:100 dilutions of all bacteria studied (p < 0-01). All isolates studied had heat stabile chemotactic activity.
CHEMOTAXIS AND CHEMOKINESIS
Culture filtrates from P aeruginosa (1:10 and 1:100), S pneumoniae (1:100 and 1:1000), and H influenzae (1:10) were chemotactic and chemokinetic (p < 0-01) (fig 1) . Culture filtrate 
